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software at a fraction of the cost. Plus, with exceptional ease-of-use you'll spend less time learning
to use the software and more time designing. Both applications are compatible with your existing
software, and_feature oulstanding technical support. Call now for your free functional demo.

CircuitMaker 6 is a powerful schematic
design and simulation program featuring:

* Professional schematic features including printout
borders, title block and barred pin names

* Symbol editor and Macro feature for custom devices

* Fast, accurate SPICE3fb/XSPICE-based simulation

* Complete array of analysis types, including Fourier, AC, DC,
Parameter sweep, Transient and more

* Virtual instruments including a digital oscilloscope,
multimeter, Bode plotter, curve tracer and more

* Extensive library of over 4,000 models

* Tight integration with TraxMaker® for quick PCB layout

* Qutput PCB netlists in Protel®, Tango® and TraxMaker®
formats for use in a variety of PCB layout programs

* Windows 3.1, 95 and NT

TraxMaker 3 is a powerful printed circuit
board layout program featuring:

* Over 2,000 component footprints in a fully-documented, in-

dexed library. Documentation shows footprints actual size

« Built-in autorouter and Design Rules Check
* Supports up to 6 signal layers plus power and ground

planes, silk screen overlays and solder and paste masks

e Board sizes up to 32" x 32", with no pin limitations
« Intelligent manual routing with unroute capabilities
 Import any PCB netlist in CircuitMaker”, Protel® or Tango

format

e Qutput RS274X Gerber files, Excellon N/C drill files and Bill

of Materials

« Print to any Windows-compatible printer or plotter
¢ Windows 3.1, 95 and NT
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EDITORIAL

Holy Gow

You know, by now you’d think that in the realm of science and technol-
ogy, very little would surprise us. After all, we've seen virtually everv
off-the-wall, they’ll-never-be-able-to-do-that picce of sci-fi technology
and gadgetry from our—and our parents’—childhoods turned into
reality.

Still, every once in a while, you hear about something new that makes
e “ ’ g Lo 1

you just stop and say “Holy Cow” (or something similar). The other day,

I had one of those experiences.

In case you missed the news reports, it secms that researchers have devel-
oped an implant that can allow paralyzed individuals to communicate
directly with a computer using only brain impulses.

We don’t have the space to go into the technical details here (though we
are planning to do an in-depth report in a future issue). Suffice it to say
that one completely paralyzed volunteer (though alert and intelligent, he
was unable to speak or move any limb) is now able to control a cursor on
a laptop well enough to be able to stop it on an icon and click it.

That ability allows him to use the computer to say words and phrases.
Researchers have even added an alpha-numeric keypad on which the
patient has been practicing writing his own name, and they hope that the
patient will become proficient enough in using his thoughts to control a
computer to be able to go online and generate and send e-mail.

Progress has been slow, but the fact that there has been any progress at
all seems mind boggling. Further, the implications here are staggering,
because once you can control a computer using only thoughts, you can
control almost anything. There is now hope that someday paralyzed
individuals will be able to regain at least some mobility, as well as the
ability to communicate cffectively. For the rest of us, well, there seems
to be no limit to the possibilities.

Carl Laron
Editor
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Affordable Hi-Tech Training!

Announcing New Micro Courses from the CIE Bookstore.

Easy at-home
learning.

Cleveland Institute of

* Electronics has
created a coliection of
micro courses that
focus on our most
popular subjects.
Oﬁered through our bookstore, every micro
course leads to a Certificate of Completion
once finished. Each course may contain up
to 39 lessons with exams and many have
lab exercises, training videos or software to
supplement your studies. Experience a step-
by-step program designed specifically for the
independent study student.

Enroll now and receive student privileges
that include Instructor Assistance’,
Priority Grading and Student Resources.
These privileges will allow you to access our
faculty and staff if you ever need assistance
with your course work and insure that your
submitted exams will be graded and sent
back to you within 24 hours.

Programmable
Controllers
M Micro Course

il This course starts by

| explaining how a

1 Programmable Controller
& (PLC) functions in an
automated system. Learn about the parts of

a PLC which enable it to perform its function.
Look at a typical application and learn how

to develop a written program for it.

01-PCOT .ot $63

(This micro course would make a great
addition to the videos listed below. 01-567PLC)

8-Part PLC Video Training Set

Contains 4 hours of video lessons and a

146 page study guide. These easy-to-follow
video lessons will make learning this vital
information fast & easy. This 8-part training
course is designed to take 32 hours.
However, you can study at your own pace

& review each lesson as many times as you
need! Video set does not include certificate of
completion. 01-567PLC ................. $180.00

Subjects Covered In the Video Training Set:

+ PLC servo control

« Scanning sequence
« Timer instructions

+ Counter instructions
« Output instructions
« Identify input faults
« Identify output faults
* Plus much more!

« How process control works
+ PLC advantages

« PLC disadvantages

« Identifying PLC sections

« Move functions

+ How to read flow charts

« Troubleshooting techniques
« identify logic faults

Fiber Optics Course
Apply what you have
learned in this course

to install, diagnose and
repair complex fiber-
optic communications
systems and take your
place in the forefront of a
fascinating and challenging new technology.

CIE Lesson & Exam Material Covers:

» Troubleshooting Fiber Optics * Characteristics
of Fiber Optics * Fiber-Optic Communications
Modules * Light « Laser Atomic Physics

* Practical Lasers » Modulating the Laser

Beam + Masters » Laser Applications

+ Maintenance of Lasers & Laser Systems

Video & Workbook Material:
+ Understanding Fiber Optics
01-FBOT .o $128

i || AC/DC Basic
| Electronics with Lab
4 39 lessons with lab. Al this
knowledge & support will
put you on the road to
= understanding many areas
of electronics.
03-INTRO ..

CIE Soldering Course with Lab
3 lessons with lab, soldering iron & video tape.
01-8SD0T ..t e $98

Television Diagnosis & Repair Course

..$108

12 lessons, 5 videos & technician repair software.

O1-TVOT L, $348

Computer Programming in C
10 lessons, text, study guide & software package

04-CET352....ciiiiiiiieeece e, $278
Database Management

6 lessons, dBASE Il software (student version)
01-DBO0T .o $198
Computer Aided Circuit Design

& Drafting with Lab

16 lab assignments, Micro-Cap IIl (student
version) 04-CET351 ......ccooeveineioivceicnnns $198

Introduction to Computers
8 lessons on the basics, video. 01-INO1 ..

Automotive Electricity &
Electronics Course

5 lessons, 150 piece Auto Electrical Tool Kit
01-AUDT oo $198

$198

5 Oscilloscope
: Fundamentals

common to all oscilloscopes.
1 lesson, video and
workbook. 01-SCPO1..

.98

¢ Learn fundamental principles | $50.01- $100....$10.25 $200.01- $400....$25.75

. Microprocessor

Learn operation &
architecture of a
microprocessor. Program
in machine and assembly
langauge. 17 lessons, lab

: S & video. 03-MICRO .. $478
Fcc Exam Review Course
25 lessons to prepare you for general-class
license. FCC ID software. 01-FCCO1 ........ $298

CET Exam Review Course

1 lesson to prepare you for Associate-Level

CET test. Answer practice test questions that
will cover all areas of the test. 01-CTO1 ...... $68

*Some courses include non-CIE material (videos) that will
supplement your studies but will not be included under
Instructor Assistance.

Start your training today!

I

I . («
WiCIERRS
: Call: 1-800-321-2155

I or fax: 1-440-951-2186
| Send check, money order or credit card

information to: CIE 1776 E. 17th Street
| Cleveland, OH 44114 or call 1-800-321-2155.

I Name
| Street
| City

| State Zip

Phone Number
Enter Micro Course Number and Price.

|OH RESIDENTS ADD 7 %
SHIPPING & HANDLING"™*
TOTAL

| VISA MasterCard ___ Discover

| Exp. Date__

| Account Number

Signature_ Date

SHIPPING & HANDLING CHARGES:

| $100.01-$200. $15.75 $400.01- Over...$31.00

** Foreign shipping costs will be higher.
| Call for rates. MC04 _!

Call 1-800-321-2155 or fax 1-440-981-2186 to place an order. CIE: 1776 E. 17th Street, Cleveland, Ohio 44114. www.cie-wc.edu
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READERS’' QUESTIONS, EDITORS’ ANSWERS

CONDUCTED BY MICHAEL A. COVINGTON, N4TMI

What Is Ground?

u 1 bave a beginner’s question about the arti-
cle you wrote, “Build the No-Parts PIC
Programmer (NOPPP), which appeared in
the September 1998 issue of Electronics
Now, and about other project circuits. The
diagram shows one common ground, but the
picture of the NOPPP shows two pins both
labeled “ground.” Are they connected togeth-
er? Are all these ground pins connected to the
negative side of the batteries or power supplies?
“Ground” is a confusing idea for me; I've read
several basic books but none of them seem to
explain it—E. I, Durbam, NC

In my early days, “ground” puzzled

me too. | knew that electrical power
systems are grounded (connected to the
earth) for safety reasons, and antenna
systems sometimes use the earth as a
counterpoise. But that didn’t explain why
almost all circuits have ground symbols
in their schematics, even small battery-
operated devices that can’t possibly be
connected to the earth.

Eventually I came across a book that
defined “ground” as “common negative,”
or more generally, “common,” and the
light dawned.

Look at the diagram in Figure 1,
which shows an imaginary but typical cir-
cuit (it could be some kind of DC ampli-
fier). The diagram on the left uses the
ground symbol; the diagram on the right
does not.

The right-hand diagram shows that
one side of the input, one side of the out-
put, and one side of the battery are all
connected together via the line at the
bottom. This connection s “common to”
(shared by) the input, output, and power
supply. In the diagram on the left, the
common connection is denoted by the
ground symbol.

All the points marked by the ground
symbol are connected together. Where
the diagram shows only one connec-
tion for a two-terminal device, such as
a battery, microphone, or speaker, the

s |
+9V .
> >
2 2
+
INPUT 0— p— l—q = o
OUTPUT
s INPUT S ‘_ o (
< T r S OuTPUT
1 1
FIG. 1—A GROUND SYMBOL IN A SCHEMATIC shows points that are connected to each
other and to the common side of the power supply, input, and output. As a result, these two
simplified circuits are identical. Despite the term, ground does not imply a connection to the
circuit's enclosure or to the Earth.
+5TO 15V
CONTROLLED
CIRCUIT
Rl & R2
B
1K ¢ 4 MEG
AAA
S1 Hé vy o1
ON/ - C1 IRF510
OFF _T_ I 01 8° IC1b Qp=
1/2
R
= = 0|7 4013
T CLK i k=
9 D 12
FIG. 2—HERE'S THE PUSH-ON, PUSH-OFF circuit that was originally published in the
April 1998 installment of this column.
other terminal always goes to ground. P II " P II "" A H |
Likewise, the “voltage at” any point in a us " “, us Ui, galn. e
circuit is measured by connecting a volt- In the “Push On, Push-Off" circuit in
meter between that point and ground. your April 1998 column (and reprinted
Cable shields are usually connected to  bere as Fig. 2), the last paragraph states, “A
ground. disadvantage of the circuit is that you can’t |
Ground isn’t always negative. A predict the state of the flip-flop when power
power supply marked -9V, as in an op- s first applied.”
amp circuit, could consist of a battery 1 think you can force IC1b into the reset
with the negative terminal connected to  state with an RC delay circuit (see Fig. 3).
that point and the positive terminal  While the capacitor charges, the reset pin is
grounded. If the circuit shows +9V, -9V,  beld high by the charging curvent; then the
and ground, it usually means that two  resistor holds the reset pin low so the flip-flop
batteries or the equivalent are involved,  n function normally. When power is turned
connected in series with the midpoint  off; the diode rapidly discharges the capacitor
grounded. to protect the IC, and the series resistor, R3, |
—
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HOW TO GET INFORMATION ABOUT ELECTRONICS

On the Internet: See our Web site at
http://www.gernsback.com for information
and files relating to our magazines (Elec-
tronics Now and Popular Electronics) and
links to other useful sites.

To discuss electronics with your fellow
enthusiasts, visit the newsgroups sci.elec-
tronics.repair, sci.electronics.components,
sci.electronics.design, and rec.radio.ama-
teur.homebrew. “For sale” messages are per-
mitted only in rec.radio.swap and misc.indus-
try.electronics.marketplace.

Many electronic component manufac-
turers have Web pages; see the directcry at
http://www.hitex.com/chipdir/, or try address-
es such as http://www.ti.com and http/Avww.
motorola.com (substituting any company’s
name or abbreviation as appropriate). Many
IC data sheets can be viewed online.
Extensive information about how to repair
consumer electronic devices and computers
can be found at www.repairtaqg.org.

Books: Several good introductory electron-
ics books are available at RadioShack,
including one on building power supplies.
An excellent general electronics text-
book is The Art of Electronics, by Paul
Horowitz and Winfield Hill, available from the
publisher (Cambridge University Press, 1-
800-872-7423) or on special order through
any bookstore. Its 1125 pages are full of

information on how to builc working circuits,
with a minimum of mathematics.

Also indispensable is The ARRL Hand-
book for Radio Amateurs, comprising 1000
pages of theory, radio circuits, and ready-to-
build projects, available fram the American
Radio Relay League, Newington, CT 06111,
and from ham-radio equipment dealers.

Copies of past articles: Copies of past
articles in Electronics Now and Popular
Electronics (post 1994 only) are available
from our Claggk, Inc., Reprint Department,
P.O Box 4099, Farmingdale, NY 11735; Tel:
516-293-3751.

Electronics Now and many other mag-
azines are indexed in the Reader's Guide to
Periodical Literature, availaole at your public
library. Copies of articles in other magazines
can be obtained through yaur public library's
interlibrary loan service; expect to pay about
30 cents a page.

Service manuals: Manuals for radios, TVs,
VCRs, audio equipment, and some comput-
ers are available from Howard W. Sams &
Co., Indianapolis, IN 46214 (1-800-428-
7267). The free Sams catalog also lists
addresses of manufacturers and parts deal-
ers. Even if an item isn't listed in the catalog,
it pays to call Sams; they may have a sche-
matic on file which they can copy for you.

Manuals for older test equipment and
ham radio gear are available from Hi
Manuals, PO Box 802, Council Bluffs, 1A
51502, and Manuals Plus, PO Box 549,
Tooele, UT 84074.

Replacement semiconductors: Replace-
meni transistors, ICs, and cther semicon-
ductors, marketed by Philips ECG, NTE,
and Thomson (3K), are available through
most parts Jealers (including RadioShack
on special order). The ECG, NTE, and SK
lines contain a few hundred parts that sub-
stitute for many thousands of others; a
directory {supplied as a larg2 book and on
diskette) telis you which on2 to use. NTE
numbers usually match ECG; SK numbers
are different.

Remember that the “2S” in a Japanese
type number is usually omitted; a transistor
marked D945 is actually a 23D945.

Hamfests (swap meets) ard locatl orga-
nizations: These can be located by writing
to the American Radio Helay League,
Newington, CT 06111; (http:/'www.arrl.org).
A hamfest is an excellent place to pick up
us=d test equipment, older parts, and other
items at bargain prices, as well as to meet
your fellow electronics enthusiasts—both
amateur and prcfessional.

Linits the curvent applied to the veset pin wnder power supply transient
conditions— Charles Hausen, Tinton Falls, N7
A Thank you very much for a reliable, conservatively

designed circuit modification. Not everyone would have
thought of including the diode and RS, which aren’t necessary
under most conditions but are desirable to keep from over-
stressing the 1C’s input protection diodes and thereby make
the chip last longer. We checked, and the 4013 data sheet
doesn’t specify any limits on rise or fall time of the reset sig-
nal, so there’s no need for a Schmitt trigger or transistor in the
reset circuit, as there would be with a microcontroller.

. And Again . . .

u P sending you a simpler push-on, push-off circuit that ve
always had good luck with (e Fig. 4). [ used a 74C74. The
debouncing is done by RI and C1. From my experience, the Q out-
put is always 0 (low) ar power-up.—A. M. DePas, Globe, AZ

Thanks for the circuit; it’s a nice example of something that

works better than it ought to (so to speak). According to the
74C74 data sheet, the flip-flop won’t operate reliably unless
the input signal makes the transition from low to high in less
than 5 nanoseconds. In vour circuit, the transition may or may
not be that fast, depending on the impedance of the power
supply. Fortunately, the flip-flop is clocked by the capacitor
charging (which happens very fast), not discharging (a2 much
slower process).

More importantly, there is no reason to expect the flip-flop
to always power up in a particular state, though you may well

MATEECTRONICS

Over 20 vears of dependable szrvice to the industry

Jowen

il
s ‘,%‘,; —_—

ey

TV/VCR PARTS - CHEMICALS
- SURVEILANCE EQUIPMENT
- AUDIO/VIDEO
ACCESSORIES - MATY, CATV
& DSS PRODUCTS -
MICROWAVE OVEN PARTS -
TOOLS AND SERVICE AIDS
- BATTERIES - ANTENNAS -
TELEPHONE ACCESSORIES -
VIDEO GAME ACCESSORIES
- COMPUTER PARTS &
ACCESSORIES

-
n«u o

mm

#2500 satréi vt

=

8 9T v st EOR

éé‘"wf' 81118
ot %

“The Or Time Electranics Distibutor

S ——

CALL TOLL-FREE  wATELECTRONICS
1-800-628-1118 Hun 1ing4c?3np\llgtlelg/?a;A 19006
FAX: 1-800-628-1C05

L
=D

NEBSITE: www.matelectronics.com
EMA.: 74271.645@compuserve.com

www.americanradiohistorv.com

MON S01UCID31T ‘6661 Asenuer

(3]


www.americanradiohistory.com

Electronics Now, January 1999

have found one, or even a whole batch,
that are “set in their ways” and happen
to work consistently because of a mis-
match between transistors on the chip.
As the diagram shows, the set and
reset pins of the 74C74 are active low
(not high) and are therefore inactivated
by connecting them to V+ rather than
ground. A similar circuit with a 4013
would work (or not work) about as well,
with the set and reset pins grounded.

... And Finally!

While researching these questions I
came across a completely different way to
build a push-on, push-off circuit (see Fig.
5). Two inverter gates make a Schmitt
trigger that uses a capacitor for memory
as well as debounce. The circuit always
powers up with the load turned off, then
switches on or off every time you press
the button.

This is an adaptation of a circuit by T.
J. Byers originally published in Nuts and
Voits, May 1998. Here's how it works:
Positive feedback ensures that the output
of the second gate is always either fully
“off” or fully “on.” The output of the
first gate is always in the opposite state.

D1
1N-
4148

FiG. 3—THIS MODIFICATION TO APRILS
circuit guarantees that the circuit is off when
power is first applied.

+5TO 15V
4
iIc1
- 14| 1/27aC74
ON/OFF =
0 il° af—»T0 01
s (AS IN
ig R FIG. 2)

6

FIG. 4—WHILE UNDER SOME circum-
stances, the circuit shown here will work as
a push-on, push-off switch, it relies on
undocumented performance of the flip-flop.
Also note that the flip-flop requires a fast-
rising input signal.

+5V TO 15V

!

IC1a
1/6 4049

iC1b

1/6 4049

CONTROLLED
CIRCUIT
|
IClc
1/6 4049 Q1
IRF510
3 2

FIG. 5—HERE'S YET ANOTHER push-on, push-off switch. It draws less than one pA of
current when in the “off state.” Be sure to ground the unused inputs of IC1.

Resistor R2 ensures that the capaci-
tor will be discharged if the circuit has
been off for a while, so at power up, the
output of the first gate is low. It stays
that way until you press the button and
connect the capacitor to the output of
the second gate, which is high. Then
the Schmitt trigger changes state; the
output of the first gate goes high and
keeps the capacitor charged. When you
press the button again, the point to
which you will be connecting the capac-
itor is now low, so the circuit will
change state again. Debouncing is pro-
vided by the fact that the capacitor takes
some time to charge. Unfortunately,
the button is not returned to ground, so
the buttons in some keypads are not
usable.

While breadboarding this circuit, I
learned another way not to use a digital
multimeter (see Fig. 6). The power sup-

+5VTO 15V

ply voltage seemed to be fluctuating
strangely, in a stairstep pattern, as the cir-
cuit switched on and off. Why? Because
my autoranging digital multimeter, set on
a low mA range, was changing its resis-
tance as it automatically switched from
one range to another. I turned off
autoranging and everything was fine
again. More tricks of modern technology!

Connecting Two
Telephones Together

u I bave several ordinary relephones like you
would find in a bouse. My daughters enjoy
playing with them. Is there any way to connect
the phones together so they can actually talk to
each other without going through the phone
line? Of course Iwould like them to ring when
calling each other—B. G., Clintwood, VA

CONTROLLED
i CiRCUIT
ICla IC1b iIC1c
1 1/6 4049 1/6 4049 1/6 4049 al
y IRF510
7 6 5 4 3 2
8
AR < Rt =
= 5 S
o 100K
oo 1
—3 p
R2 & 1 o
MEG 0.1

FIG. 6—AS THIS AUTHOR LEARNED from experience, avoid this situation when taking
measurements with an autoranging meter. Otherwise, you'll get erratic results caused by
changing meter resistance as the unit switches from range to range.
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What you propose is actually a handy

way to test telephones. Connect them
in series with a 6- to 9-volt battery (see
Fig. 7). Current flows only when both
phones are off the hook; hanging up
either one turns off the circuit. The usual
polarity is green positive, red negative
(possibly the only place in electronics
where red doesn’t indicate positive), but
very few telephones are sensitive to
polarity.

Ringing is the hard part. It requires 90
volts AC, together with a circuit to sense
that the telephone is on the hook before
applying the ringing voltage. 1 suggest
you set up a separate buzzer for signaling,
as the telephone company used to do for
telephone intercoms.

Which PIC To Pick?

“ DI'm building the NOPPP PIC program-
mer in your September issue and don’t
know which variety of PIC16C84 chip to
buy. The types available include PIC16C84-
041F, -041S0, -04F, -04SO0, -10EP, -10IP,
-10ISO, -10F, -10S0O, and possibly others.
The article does not specify which version
should be used. Can you tell me which ckip to
use and where to get ome? — M. B,
Phoenix, AZ

Sorry about the confusion—many

ICs, including these, are made in a
wide variety of subtypes that are almost
completely interchangeable. The differ-
ences are explained in the manufacturer’s
data book.

The most obvious difference is the
package; you want the P package (plastic
DIP), not SO (surface mount). (Some
PICs, though not this one, also come in
a JW package, which is a ceramic DIP
with a quartz window for UV erasing.)

The second difference is the temper-
ature range; I and E denote extended
ranges, and the versions without those
letters are cheaper. Finally, there are
both 4-MHz and 10-MHz versions of
this chip. So the PIC16C84-04P and
PIC16C84-10P are the ones to order,
the latter only if you need to run the
clock faster than 4 MHz.

Many distributors’ catalogs explain
these differences, at least briefly. Digi-
Key (701 Brooks Ave. South, Thief River
Falls, MN 56701; Tel: 800-DIGIKEY;
Web: www.digikey.com) has a nice set of
catalog pages that will help you pick the
right PIC; they sell the chips at reason-
able prices with no minimum order. You

can also get the most common PICs
from Jameco (1355 Shoreway Road,
Belmont, CA 94002; Tel: 650-592-8097;
Web: www.jameco.com) and many other
suppliers.

Audio Clean-Up
Software Found

In the September issue, a reader
asked about software to remove
scratches and noise from old audio
recordings that have been digitized

using a sound card. Richard Dzick,
N8MQU, advises us that such a feature
is included in the deluxe edition of
Adaptec Easy CD Creator. The new
tool is called “CD Spin Doctor.” The
basic edition of Easy CD Creator,
without the audio clean-up software, is
bundled with many CD-R drives.
Adaptec, Inc., can be contacted at 691
South Milpitas Boulevard, Milpitas,
CA 95035; Tel: 408-945-8600; Fax:
408-262-2533; Web: www.adaptec.com
They also supply cables for linking
your stereo to your computer, as well as
many other input-output products.
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boards with 8 logic probe circuits.

And a Triple Power Supply with
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LED indicators, switches, pulsers,

potentiometers, audio experimenta-
tion speaker...plus a lifetime guar-
antee on all breadboarding sockets!
You have everything you need right
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Order yours today!!
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Accredited B.S. Degree in

Computers or Electronics
by studying at Home

Grantham C ollege of Engineering
offers 3 distance education programs:

e B.S.E.T. emphasis in Electronics
e B.S.E.T. emphasis in Computers
I e B.S.in Computer Science

V\aﬂElectromcs Workbench Professional 5.0
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-Approved by more than 200 Companies,

VA and Dantes, (tuition assistance avail.)

For your free catalog of our programs dial
1-800-955-2527
http://www.grantham.edu
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Grantham C. ollege of Engineering
34641 Grantham College Road
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Timid about getting on the. ..
World Wide Web?

You've heard about the Information
Superhighway and all the hype that goes
with it! Sort of makes you feel timid about
getting on the Web. Put your fears aside! A
new book, The Internet and World Wide
Web Explained, eliminates all the mystery
and presents clear, concise information o
build your confidence. The jargon used is
explained in simple English. Once the tech-
talk is understood, and with an hour or two
of Web time under your belt, your friends

will believe you are an Internet guru!

To order Book #BP403 send $10.95 plus $4.00
for shipping in the U.S. and Canada only to
Electronics Technology Today inc., P.O. Box 240,
Massapequa Park, NY 11762-0240. Payment in
U.S. funds by U.S. bank check or International
Money Order. Please allow 6-8 weeks for delivery.
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GREEN _ﬁ} RED
1

6 TO 9V

L
RED GREEN

FIG. 7—IF ALL YOU WANT TO DO IS TALK
over two telephones, this simple set-up can
be used. Polarity, while indicated here, is not
critical. Note that the phones will not ring
using this circuit; the easiest way around
that is to use a separate buzzer circuit.

That’s not all. Art Givens recom-
mends Cool Edit Pro, by Syntrillium,
and Sound Forge, by Sonic Foundry.
Syntrillium can be reached at P.O. Box
62255, Phoenix, AZ 85082-2255; Tel:
602-941-5327; Web: www.syntrillium.
com Sonic Foundry’s address is 754
Williamson Street, Madison, WI 53703,
Web: www.sonicfoundry.com Both com-
panies sell software online.

Finally, Greg Johnson, of Mount
Vernon, IL., recommends Ray Gun,
from Arboretum Systems, 75 Aura
Vista, Pacifica, CA 94044; Tel: 650-
738-4750; Web: www.arboretum.com
A demonstration version of the pro-
gram can be downloaded from their
web site.

Writing to 0&A

As always, we welcome your ques-
tons. The most interesting ones are
answered in print. Please be sure to
include plenty of background informa-
tion (we’ll shorten your letter for publica-
tion) and give your full name and address
(we’ll only print your initials). If you are
asking about a circuit, please include a
complete diagram. Send your letters to
Q&A, Electronics Now Magazine, 500
Bi-County Blvd.,, Farmingdale, NY
11735. Sorry, but due to the volume of
mail we receive, it is not possible to give
personal replies.

To learn how to talk with your kids
about tough issues, like sex,
AIDS/HIV and violence, call

1-800-CHILD-44
and get your free guidebook.

KAISER
EAMIN

:
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systems, including DOS 6.2, Windows
3.1, Windows 95, Windows 98, Windows
NT 3.51, and Windows NT 4.0. The
collection of operating systems is spread
across three IDE hard drives mounted in
plug-in cartridges, primarily to accom-
modate isolated test environments for the
several operating systems. The main
drive also uses the excellent System
Commander to boot multiple operating
systems.

Here are the possible solutions: 1) Buy
a new machine, and reinstali everything.
The only problem here is the high cost
and the huge time drain. 2) Add a hard
disk to the primary controller and use it
as secondary storage, leaving the existing
drives as is. 3) Add new drive as primary
storage and continue using existing drives
as operating system (OS) plug-ins.

The best solution, at least in my eyes
is the last: I obtained a fast new hard-
disk, a new controller, and some utility
programs; installed it; transferred every-
thing on the main drive to the new drive;
disabled the old main drive; and contin-
ued to use the plug-ins as is. That was
the approach that let me get back to real
work as quickly as possible.

Components

The components of this upgrade con-
sisted of the hard-drive cartridges, the
new hard disk, the controller, and several
utility programs. The cartridges came
from CyberGuys, distributor of all sorts
of useful, interesting, and sometimes cute

COMPUTER CONNECTIONS

Hard Disk Upgrades

ONSIDER THE FOLLOWING SITUATION: LOW DISK SPACE
AND LAGGING PERFORMANCE ON A 180-MHZ PENTIUM
PRO SYSTEM WITH 64 MB OF RAM. THE SYSTEM IS USED PRIMARILY

FOR SOFTWARE DEVELOPMENT UNDER A VARIETY OF OPERATING

computer accessories. The cover of their
catalog says “Wholesale Catalog,” but the
company is happy to sell in small quanti-
ties to people like us. CyberGuys has
great prices on slim-line cable adapters,
printer stands, and all sorts of things. The
company also has the lowest-price remov-
able hard-drive system I've seen. For
IDE, the fixed unit costs about $18, and
the cartridges about $12. SCSI units are
available at slightly higher prices. These
are not the most rugged units I've seen;
wouldn’t use them in a commercial airlin-
er, for example. But for low-volume use in
a “friendly” environment, they’re fine.

For years, IDE lagged SCSI in per-
formance by a considerable amount.
Recently, however, the gap has been
closing; - competitive drives have been
introduced by numerous manufacturers
(though for overall performance, flexi-
bility, expandability, and compatibility,
SCSI remains king). I selected a 10-GB
unit, part of the Deskstar GXP series
made by IBM. And yes, you can actually
have more than 8.4 GB in a single parti-
tion, as shown in Fig. 1.

Average seek time of the GXP series is
rated at 9.5 ms, although I measured 7.7
ms. The big news is that rotation speed is
7200 rpm, and that translates into a big
performance boost over the 5400 rpm
units in common use today—theoretical-
ly, 33% better performance. Practical
results come close to the ideal. For exam-
ple, time to boot and log the test machine
on the network improved about 30%.

BY JEFF HOLTZMAN
COMPUTER EDITOR

Faster drives are available—10,000 rpm—
but quite a bit more expensive. Currently,
7200 rpm hits the sweet spot on the
price/performance curve.

Handling data at the increased DTR
(Data Transfer Rate) requires an Ultra
IDE interface. That in turn required a
new controller. (Some newer mother-
boards have built-in Ultra IDE support;
check your documentation to be sure.) I
selected the Ultra33 made by Promise
Technology. It is possible to run an
Ultra IDE drive off a standard IDE
interface, but performance will be limit-
ed to the maximum supported by that
interface: 16.7 MB/sec vs. 33 MB/sec
under Ultra IDE.

The Ultra33 is widely available for
under $70. Under DOS and Windows
3.1, the Ultra33’s on-board BIOS pro-
vides full performance and access to dri-
ves greater than 8 GB. Under Win95,
Win98, and NT, a driver is required.
Driver updates are easily accessible from
the company’s Web site. The Ultra33 can
function in addition to or instead of the
on-board IDE controller, for a maximum
of eight IDE devices (master and slave
devices each on the primary and sec-
ondary channels of the motherboard and
Ulera33 controllers). With no boot device
connected to the motherboard controller,
the Ulera33 can boot your system.

I’ve written here in the past about a
program called PartitionMagic, from
PowerQuest. The company also makes
Drivelmage, a special udlity program
used to clone disk partitions from one
physical drive to another. In the simplest
case, Drivelmage can literally clone one
drive to another, optionally resizing par-
titions along the way. You can also use
the program to create and save a parti-
tion image as a regular disk file, and later
“restore” that image to the same or

WWW.americanradiohistorv.com
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FIG. 1-YES, NINE GB IN A SINGLE PARTITION really is possible. The Promise Ultra33
provides a data-transfer rate up to 33 MB/sec, and has BIOS support for large drives under
DOS and Windows.

LISTING 1-SAMPLE BOOT.INI
[boot loader]

timeout=4

default=multi(0)disk{0)rdisk({0)partition(2A\WINNT

[operating systems]

multi(0)disk(0)rdisk{O)partition(2\WINNT="Windows NT Workstation Version 4.00"
multi(0)disk(0)rdisk(O)partition(2)\WINNT ="Windows NT Workstation Version 4.00

[VGA mode]” /basevideo /sos
C:A\="MS-DOS™

another drive. Drivelmage is powerful
and easy to use. It costs about $70 and
can be purchased directly from the com-
pany’s Web site.

I love Drivelmage. However, $70 is a
bit steep for one-time use. In addition,
the license allows use on only one
machine. PowerQuest needs to revamp
its pricing and license structures to cor-
respond to the way the product is actual-
ly used. On the other hand, PowerQuest
also sells a program called DriveCopy for
about $30 that only does disk-to-disk
copying. DriveCopy is intended for one-
time disk upgrades like that discussed
here.

Before using Drivelmage, 1 tried a
program called Ghost, which performs a
similar function, although it is primarily
aimed at corporations wishing to clone
large numbers of systems stmultaneous-

ly over a network. Despite having heard
good things about Ghost, I was unable
to get it to work; it repeatedly crashed
with various error messages. However,
Symantec recently bought the company,
so I would expect the bugs to be cleaned
up and a better pricing and licensing
scheme instituted. A “Pro” version of
Drivelmage competes more directly

with Ghost.

The Process

The upgrade process involves
installing the new controller and drive,
cloning the old drive to the new, and
then reconfiguring the system to boot
from the new drive. The Initial hardware
installation is simple: Insert the Ultra33
into an empty PCI slot, and connect the
new hard drive to the primary channel of
the new controller with a standard IDE

cable. At this point you should be able to
see the drive using FDISK or the Disk
Administrator under NT. Note: You
don’t need to create or format any part-
tions prior to using Drivelmage; in fact,
doing so would be a waste of time.

Under Win95, Win98, or NT, you
need to install the driver before disabling
the original drive. Otherwise you may not
be able to boot, or you may not see the
whole drive (i.e., anything over 8.4 GB).

Next, boot to DOS, and use Drive-
Image to clone the old drive to the new.
Regardless of which operating system(s)
you run, you must run Drivelmage from
DOS. With Drivelmage, you can copy
one or more partitions, optionally resizing
any or all in the process. The program has
a step-by-step Wizard-based interface;
most options are explained well. It’s quite
easy to use; and if you change your mind
or make a mistake, as long as you don’t do
anything to the original drive, you can
always just start over.

The amount of time it takes depends
on several factors, including the number
of partidons being copied, the amount of
data on each, and verification options set
within Drivelmage. I found I could clone
well over 1 GB of data in about an hour.

The third step is to disable the on-
board controller or remove the original
drive. At that point you should be able to
boot from the new drive. If you only boot
from drive C—the first and primary (and
possibly only) partiion—and run any
Microsoft OS other than NT, you should
be in business. If you boot from another
drive (under NT, OS/2, or some version
of UNIX), you may have to tweak things
to be able to boot. Let’s look at what we
are talking about in the case of NT.

Tweak for NT

While enabling and disabling the var-
ious hard drives, NT may get confused
about where the boot partition is located.

NT stores that information in a text file
called BOOTINI in the root directory

TABLE 1-DATA TRANSFER RATE COMPARISON

Drive

IBM 371010

Seagate ST31277A

Seagate ST31277A

Western Digital Caviar AC21600H
Western Digital Caviar AC21600H
Quantum XP31070W

Fujitsu M29548-512

IBM 34560

Controlier DTR (kb/s) Average Seek Time (ms)
Uitra33 28565 7.7

Ultra33 12925 10.4

internal 7857 10.3

Ultra33 1378 9.1

internal 8033 9.5

2940UW 16281 9.2

2940UW 965 8.6

2940UW 31605 7.9
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of drive C (the first physwal partition of
the first physical drive). When it boots,
NT presents a menu of options, depend-
ing on which operating system(s} you
had installed on the drive before
installing N'T. Typically, you might see
options to boot DOS, NT in normal
mode, and NT in VGA mode (which
parallels the “safe” mode of Win95).

BOOT.INI normally has the hidden,
read-only, and system attributes set, so to
edit it you must issue a command like the
following:

C:\»attrib -h -r -s boot.ini

When you’re through, to be safe, return
those attributes to their default states:

C:\»attrib +h +r +s boot.ini

Internally, BOOT.INI looks some-
thing like what’s shown in Listing 1;
depending on where, what, and how
you boot, your mileage may vary. In the
file, the values within parentheses spec-
ify the drive and partition where each
bootable OS recognized by Windows
resides. In particular, the value for par-
tition(n) may change. I had to manually
edit BOOT.INI several times to enable
NT to boot (part of that involved
installing a CD-ROM writer, which in
turn changed drive lettering and part-
tion assignments).

Another point is that the PowerQuest
programs in general understand a lot
about disk formats under DOS and all
versions of Windows, and that includes
the new FAT32 format native to Win98.
They also seem to be pretty intelligent
about NetWare, but I have no experience
with that. Their understanding of UNIX
is minimal, so although they can do sec-
tor-by-sector disk copies, most of their
speed and robustness advantages are lost.
So if you run Linux, BSD, or some other
UNIX—beware.

(Continued on page 23)
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EQUIPMENT REPORT

PROTEK SCOPE CARD 220 PC-BASED OSCILLOSCOPE

If you already have a PC,
you can also bave a digital
storage oscilloscope for very little
money when you install this
versatile add-on card .

CIRCLE 15 ON FREE INFORMATION CARD

A s any regular reader of Elec-

tronics Now could tell you, an
oscilloscope is one of the most important
pieces of test gear one can have. That’s
why many readers of this magazine
already own an oscilloscope. For those
who don’t, the chief reason is their high
cost. Even a basic 10 or 20 MHz analog
scope could easily run $500.

Well, if you already own a personal
computer, and most of you do, there is a
less expensive alternative—the Protek
Scope Card 220. Even better, what
you'll have is not a simple analog unit,
but a digital storage oscilloscope, or
DSO. Among their advantages, DSOs
can store information and waveforms for
you, so taking down measurements with
a pencil and pad is eliminated.

If you are worrying that you’ll need to
have the latest Pentium II powerhouse
running Windows 98 or NT to use the
Scope Card 220, don't. In fact, anything
from a 486 on up will work just fine. So,
if you have a long-since replaced 486 sit-
ting in your closet, you can combine it
with the Scope Card and get a great DSO
for just $230. You won't even need to buy
scope probes, as the unit comes with two
sets. Let’s look at some details.

The Scope Card 220

The Scope Card 220 is a dual-channel,
20-megasample per second digital oscillo-
scope that takes the form of an ISA expan-
sion card for any 486 and up PC. Software
is provided for Windows 95 only, which
should not be a problem for most. We

installed the card under Windows 98, and
that went quite smoothly.

While most 486 or higher computers
will do nicely, there are some minimum
requirements that must be observed.
The Scope Card 220 requires VGA
graphics, and you’ll probably want to
have at least 16 megabytes of memory to
run Windows 95, as required by the soft-
ware. Ten megabytes of disk space is also
needed.

The benefits of tying an oscilloscope
to a personal computer are many. For
example, captured waveforms are instant-
ly stored in RAM and can even be logged
to disk. What’s more, a computer’s pro-
cessing power makes short work of plot-
ting of data, with hard-copy readouts
readily available from any Windows-
compatible printer.

The Scope Card 220 comes with “vir-
tual oscilloscope” software that places the
test instrument readout and controls on-
screen. That powerful software allows
multiple boards to operate together.
Simultaneous data acquisition from up to
16 channels with sampling rates up to 20
megasamples per second (20MS/s) is pos-
sible. Signals and system setups can be
saved for future access. The 8-bit ISA
card has two BNC scope inputs and an
external trigger input.

Maximum input voltage is 300 volts,
with auto setup for signals from 30Hz to
2MHz, 35V, maximum. Input protec-
tion is diode-clamped with input imped-
ance at | megohm. The card can trigger
off Channel 1, Channel 2, or the external

trigger input. Time per division can be
set from 50ns/div. to 0.5s/div., with the
display set for Channel 1, Channe! 2,
Dual, or Add. Volts per division can be
set from S0mV/div. to 5V/div. An X-Y
mode is provided, and the grid on the |
display can be turned on and off. The
software allows placement of cursors on
various parts of waveforms to provide
accurate digital readouts of signal mea-
surements. A Scroll mode display, which
lets the unit function like a chart
recorder, can be set in six ranges from 10
seconds up to an hour.

Limitations

The Scope Card 220 makes a great
audio troubleshooting and analyzing
tool, and it’s especially well-suited for
schools that already have PCs. It is also
good for long-term data recording and
analysis that’s simple and affordable.

However, there are some limitations |
you should be aware of. The Scope Card |
220’s practical bandwidth is only 4
megahertz (MHz), or even just 2 MHz
depending on how you look at it. With a
maximum sampling rate of 20 MS/s, you
end up with only 10 samples per cycle of
a 2 MHz signal and only 5 samples (the
bare minimum) at 4 MHz. So even
though the unit technically is a DSO,
you can’t necessarily troubleshoot digital
circuitry with it.

The worst thing about this product is
its instructions, or lack thereof. Weak
help comes in the form of poorly trans-
lated text files on the CD-ROM and
related help files in the software.
Nowhere does it even mention which of
the BNC inputs is which. The documen-
tation is also unnecessarily confusing so
avoid using it.

That’s not as much of a problem as it
sounds. Anyone familiar with PCs will
have no trouble installing the card and
running the install software. It is also
quite easy to get the card to work, and the
virtual controls are intuitive to use for
anyone that has already used an oscillo-

(Continued on page 23)
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Look AT TOMORROW'S TECHNQLOGY

Wearabie Computer Helps Ilaleclwes Collect All The Evitdence

omputers are playing an ever
c increasing role in law enforce-

ment. One new application is to
increase the efficiency and accuracy in
collecting, identifying, tagging, and stor-
ing evidence at the scene of a crime.
Researchers at the Department of
Energy’s Pacific Northwest National
Laboratory working with Mnemonic
Systems Inc. are developing the Team
Leader. This is a portable computer sys-
tem designed specifically for use in the
field to prevent contaminating or com-
promising evidence during collection.
This is critical because even a tiny slip-
up can make the difference between a
criminal being convicted or going free.

A Wearable Computer

The heart of the Team Leader is a
Xybernaut Corporation Mobile Assistant
“wearable” computer. The rugged,
weatherproof, IBM-compatible personal
computer is belt-worn. A tiny, head-
worn display screen, attached micro-
phone, and voice controller frees both
hands to work with the evidence. The
Team Leader has a variety of data collec-
tion tools with accompanying software.
These include digital video and still cam-
eras, voice recorder, bar-code scanner,
and several specialized sensors. Data can
also be entered manually using a small
wrist-worn keyboard.

Team Leader’s sophisticated capabili-
ties include the ability to capture and use
satellite images, terrain features, archi-
tectural drawings, site plans, and other
information to precisely pinpoint the
location of evidence as required for a
thorough investigation. Useful here is
the latest in geographical information
systems (GIS) together with global posi-
tioning, multi-media computing, and
communication technologies.

The Team Leader can also function
as a portable crime library with access

-

HERE AN INVESTIGATOR WEARING T\HE TEAM LEAID\ER computer ona walstband
enters information on a wrist-worn keyboard. A small display screen and microphone is
worn on the headband.

to volumes of stored or online informa-
tion, such as maps; facility floor plans;
crime and criminal datbases; reports;
forms; investigation protocols; and sci-

entific, technical and legal reference
material. The user can also easily access
off-site computers, printers, and fax
machines.
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At The Crime Scene

At complex crime scenes, up to eight
Team Leaders could be operated by
investigators who could exchange infor-
mation and communicate simultaneously.
The Team Leader can be used for voice
and video conferencing.

As evidence is collected, each item can
be digitized, “tagged” with an assigned
bar code, and the data transferred imme-
diately to an evidence custodian. Using

“the bar code, it could be recalled months

or even years later such as during a trial.
Acquired information is sent back to
“headquarters” by fax, e-mail, or wireless
local area network (I.LAN) lines.

As one example, detectives at a murder
scene could use the Team Leader while
tracking the route of the suspect to create
a very precise and detailed map of the
scene. If a murder weapon is discovered,
investigators could link the evidence to its
geographical position with laser measure-
ments and positional data, take still and
video pictures, and document detailed
audio and text notes to record a complete
story that could later be used in court.

Because of the variety of tools available
and the on-line capability, one person can
do the work of a whole team of investiga-
tors. Fewer people on the scene not only
reduces the manpower required to com-
plete an investigation, it also means less
chance of inadvertent evidence contami-
nation from fingerprints, footprints, hair,
fiber, or other sources besides the person
who committed the crime.

The Team Leader features a modular
design so it can be easily customized for
a variety of applications. For example,
Pacific Northwest and Mnemonic, with
guidance from the National Forensic
Science Training Center, are customiz-
ing versions of the Team Leader for a

FOR MORE INFORMATION

Pacific Northwest Natlonal Laboratory
PO Box 999

Richland, WA 99352

Web: www.pnl.gov

Xybernaut Corporation
12701 Fair Lakes Circle
Suite 550

Fairfax, VA 22033

Web: www.xybernaut.com

Mnemonic Systems Incorporated
2001 L Street, N.W., Suite 1000
Washington, DC 20036

¥

DR. DENNIS DEPPE AND DR. DIANA HUFFAKER and their team created a semiconductor

laser using quantum-dot technology.

range of law-enforcement and forensic
applications. The technology and hard-
ware could be adapted for use in search
and rescue, disaster recovery and relief,
hazardous material cleanup, and fighting
fires.

Another important aspect of the
research is establishing the standards
and criteria by which digital evidence is
accepted by the U.S. criminal justice
system. Here the researchers are work-
ing with the FBI, American Society of
Crime Laboratory Directors, and oth-
ers. They are also working with the law-
enforcement and forensic communities
to establish and equip Team Leader with
specific directions or protocols for pro-
cessing crime scenes. These protocols
could set an industry standard.

After the Team Leader is field tested
by police departments in Baltimore,
Miami (Metro-Dade) and Los Angeles,
Mnemonics will be marketing a commer-
cial version of the product. This should
occur by early 1999.—By Bill Siuru

Low-Cost Lasers

u sing a new technology known as
“quantum dots,” engineers at the

Microelectronics Research Center at

The University of Texas (UT) at Austin

have created a semiconductor laser. The
quantum-dot technology allowed the
engineers to use gallium arsenide to cre-
ate the 1.3-micron laser wavelengths in
high demand by industry.

Currently commercial lasers that
work at 1.3 microns are made from irid-
ium phosphide that is not only ten times
more expensive, but also less heat toler-
ant. The 1.3-micron wavelength allows
optical fibers in telephone lines to trans-
mit much more information over long
distances, and maintains truer sound and
images in high-speed data applications
such as the Internet.

“Because of the significant cost sav-
ings, the telecommunications industry
has been pushing hard for a gallium
arsenide laser that operates at this wave-
length,” said Dr. Dennis Deppe, associ-
ate professor of electrical and computer
engineering.

Using quantum dots to create the
lasers is a relatively new approach. Also
known as “artificial atoms” because they
have an electronic structure similar to
natural atoms, the quantum dots are tiny
clusters of semiconductor material that
trap electrical charges. As the trapped
charges lose their energy, they emit
light, which can be used in high-speed
lasers. Deppe, Dr. Diana Huffaker, and
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their research team found that by engi-
neering the quantum dots, which are
20,000 times smaller than the diameter
of a human hair, they could increase the
laser wavelengths of gallium arsenide to
record levels.

Incorporating the same technology
last year, Deppe’s group collaborated with
Dr. Joe Campbell, a UT professor of
electrical engineering, to use quantum
dots to create the detector for this type of
laser. “lo bring fiber interconnects to
businesses, homes and computers, we
needed inexpensive, gallium arsenide
lasers that until recently did not exist at
this wavclength, and until now did not
perform well,” said Deppe. “With both
the laser emitter and detector demon-
strated in the laboratory, the technology
can become a reality. An especially
important application to obtain low cost
will be the Vertical Cavity Surface
Emitting [aser, or VCSEL, a device that
is very difficult to make using iridium-
phosphide technology.”

Bar code scanners, digital video discs,
and read/write CDs also use VCSELs.
Because of the longer wavelength, a vari-
ation of the quantum-dot laser technalo-
gy can also become important when
future computer chips use light instead of
wires to transmit information from chip-
to-chip, noted Deppe. The laser is esti-
mated to be at least two years from com-
mercial production. [pT]

Chaos-Based
Computing Paradigm

A revolutionary computing technique
uses a network of chaotic elements

to “evolve” its answers. This “dynamics-
based computation” may be well suited
tor optical computing. “This is a glimpse
of how we can make common dynamic
systems work for us in a way that’s more
like how we think the brain does compu-
tation. Its an cntirely new computing
paradigm,” stated Dr. Williain L. Ditto,
professor of physics at the Georgia
Institute of Technology.

The system has so far demonstrated
an ability to handle a wide range of com-
mon operations, including addition and
multiplication, as well as Boolean logic
and more sophisticated operations such
as finding the least common multiplier in
a sequence of integers.

Ditto and collaborator Sudeshna
Sinha of the Institute of Mathematical
Sciences in Madras, India devised an
experiment to see if a simple network of
chaotic computer elements could be made
to handle computations. They joined the
chaotic elements into a lattice using an
adaptive connecting mechanism  that
would open whenever an element exceed-
ed a certain critical value. The mechanism
was designed so that the researchers could
set a wide range of critical values to vary
the connection between elements.

Using a variety of different tech-
niques, the researchers encoded values
into the chaotic lattice. They then stim-
ulated the elements to begin interacting.
Elements containing values above the
critical level triggered the connecting
mechanisim, allowing the excess value to
“avalanche” into neighboring elements,
which led to additional avalanches in
other connected elements. With addi-
tional stimulation, the domino effect
continued until the imbalance was con-
ducted out of the systemn—as the answer
to the mathematical problem.

For example, values of three and four
would be encoded into a system set with
a critical value of one. The values would
create an imbalance that would avalanche
through the chaotic elements untl it was
conducted out of the system—as the
value of seven.

Chaotic elements are usetul to this
system because they can assume an infi-
nite number of behaviors that can be
used to represent different values or dif-
ferent systems, such as logic gates. This
flexibility allows a single generic system
to perform a variety of computations. In
conventional computing, systems are
more specialized.

“We are not really setting up rules in
the same sense that digital computers
are programmed,” Ditto explained.
“We. . let the dynamics do the work of
finding a pattern that performs the
desired operation.

“There are a surprisingly large num-
ber of ways that the system can perform
the computations and give you the
answer,” he added. “By slightly changing
the connectivity and the parameters of
the chaotic system, we can have it multi-
ply several different ways through the
system’s self organization. It might be
hetter than digital computing for activi-
ties that digital computing doesn’t do

very well—such as pattern recognition or

detecting the difference between two
pieces of music.”

Ditto believes the new system would
work particularly well in optical systems.
“Potentially, we could simulate a very fast
system of coupled lasers to perform a
highly complicated operation like very
fast arithmetc operations, pattern detec-
tion, and Fourier transforms,” he ex-
plained. “We have something that very
naturally performs an operation in an
optical system. This would provide an
alternative to existing efforts, which try to
make optical systems do operations more
like transistors.”

A number of engineering issues may
hamper development of a practical sys-
tem based on this computing paradigm.
But Ditto notes that in their early days,
digital computers had to overcome
daunting obstacles to overtake earlier
techniques.

Biosensor Bacteria
B acteria that eat pollutants have been

adapted to create live bacterial
biosensors that detect and signal the
presence of phenol pollution. Phenols
are a family of harsh pollutants wide-
spread in the manufacture of dyes, pho-
tographic chemicals, wood preservatives,
and pesticides.

The reporter bacteria are modified so
that instead of making digesting enzymes
when they contact complex phenols, a
protein in the bacteria produces an easy-
to-observe and —measure signal. These
biosensors can indicate the presence of
eight of the priority pollutant phenols
listed by the Environmental Protection
Agency. Further research may lead to
the design of proteins to detect other
chemicals. eT

World's Smallest
Hard-Disk Drive

BM recently unveiled the world’s

smallest and lightest hard-disk drive
with a disk platter about the size of a large
coin. Although IBM’ new microdrive
weighs less than an AA battery, it can hold
over 200 times more data or images than
a tloppy disk.

With its small size and high-perfor-
mance, the microdrive can bring high-
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capacity storage to almost any handheld
digital device. It is ideally suited for use
in companion PCs, GPS navigadon sys-
tems, cellular phones, and stdll and digi-
tal video cameras. Digital photographers
can now take more photos before having
to download the stored images. They can
also take higher resolution “megapixel”
photos more economically.

Microdrive fits into a CompactFlash
Type II slot, an increasingly popular
standard that has already been built into
handheld devices made by companies
such as Canon, Inc. Microdrive can be
used with a standard PC card adapter if a
device does not have this slot.

Unlike other portable storage for-
mats such as flash memory, microdrive
uses hard-disk-drive technology to store
information. Compared with similarly
sized flash memory cards, the 340-MB
microdrive device has a much lower cost
per MB

IBM’s microdrive will allow for data
to be shared among different handheld
devices, for example, a notebook com-
puter, digital camera, and printer. Or a
companion PC user could easily carry
additional data and software programs
on a business trip with the vast amount of
storage offered by microdrive.

Microdrive is expected to stimulate
the invention of new devices. Since the
advance hard-drive technology is so

WITH A DISK PLATTER ABOUT THE SIZE
of a large coin, IBM's new microdrive can
hold over 200 times more data or images
than a floppy disk.

small, it could fit almost anywhere—even
in a wristwatch-sized device for storing
phone numbers or schedules.

It will be available in mid-1999 on
retailer shelves or directly from IBM.
Further technical and application infor-
mation can be found at IBM’s hard-
drive Web site: www.ibm.com/storage/
microdrive

Refrozen Food
Detector

f frozen food thawed while being

transported cross-country, was then
refrozen, and you bought it, how would
you know the food wasn’t fit to eat?
Perhaps by a color change in an inex-
pensive thaw indicator placed in the
package.

The indicator, originated and patent-
ed at Sandia, changes color when its tem-
perature rises above 32 degrees F. The
color doesn’t change back if the temper-
ature then drops below freezing, says
Sandia researcher David Martinez.

The invention, a byproduct of a solar
research project, depends upon an inex-
pensive “smart” material—a thin wire
that “remembers” multiple shapes and
acts as a sensor. Using no power source
except warming or cooling, the wire
changes shape markedly and powerfully
at appropriate temperatures. When
warmed, movement of the wire tears a
colored green paper to reveal the red
color underneath. When cooled, the wire
returns to its prior position but because
the paper is torn, the warning color
remains visible.

Martinez and co-developer Mo
Shahinpoor of the University of New
Mexico have developed eight prelimi-
nary designs, all patented, in which a
smart-material sensor exposes a color-
coded paper. The wire actuators utilize
nitinol, a smart material consisting of
nickel and titanium.

Manufactured by the thousands or
millions, the crucial elements in the
design—a wire about the size of a piece of
thread less than 3/g-inches long—would
cost “pennies for the raw materials,” says
Martinez. “When there’s pressure from
Washington on food processors, trans-
porters, and displayers to protect con-
sumers against spoiled food, we have a
technology patented to do just that.” [

LCDs + UV =
Innovation

ecently, the development of an
R innovative process that promises to
greatly increase production yields of
Liquid Crystal Displays (LCDs) was
announced by The MicroDisplay Corp.
This form of non-contact alignment
uses UV light directed from a laser,
which could revolutionize the produc-
tion of both standard and miniature
LCDs.

Traditional LCDs are basically large
glass sandwiches, filled with liquid crys-
tal. Microdisplays replace one of the glass
“slices” with silicon. The industry stan-
dard LCD manufacturing process for lig-
uid crystal alignment uses velvet cloth,
which causes the greatest yield loss due
to high probabilities of contamination,
mechanical damage, or damage due to
electrostatic discharge.

Experiments have been conducted in
recent years to replace the mechanical
rubbing process with non-contact align-
ment, sometimes called UV rubbing.
MicroDisplay’s non-contact alignment
process replaces the velvet with a pre-
cisely controlled laser beam of UV light.
This alignment process works by sub-
jecting the panes to holographic expo-
sure: directing two coherent beams of
UV light at the panes of the display.
Because the panes were coated with a
chemical that reacts very predictably to
the carefully regulated laser light, this
exposure produces the alignment of lig-
uid crystal material required by LCDs.

According to Xiaodong Wang, Senior
Research Engineer at the MicroDisplay
Corp., “Non-contact alignment is partic-
ularly significant in the production of
miniature displays. For example, because
the pixels of a miniature display are sc
small, one speck of dust can ruin more
than one pixel. By removing the rubbing
cloth from the process, non-contact
alignment promises to virtually eliminate
the occurrence of these contaminants by
keeping the displays in a sterile environ-
ment throughout production.” The
MicroDisplay Corp. has filed a patent
to cover this innovative UV rubbing
process. Experiments are currently under
way to prove the viability of the process
in the production of both standard and
miniature LCDs. &1
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and Save $41. 89*

This Christmas give an electrifying gift ... plug a friend into
Electronics Now and brighten the whole new year! Whether
electronics is your friend’s livelihood or hobby, your gift will
illuminate the whnle spectrum of electronics throughout the
coming year and provide a monthly reminder of your
friendship.

Electronics Now will keep your friend
informed and up--o-date with new ideas and
innovations in all areas of electronics
technology ... computers, video, radio,
stereo, solid-state devices, satellite TV,
medical electroni:s, communications,
robotics, and much, much: more

We'll provide grect plans and printed circuit
patterns for great electronic projects. In
just the last few years, Electronics Now has
presented amateur TV equipment, robots,
computer peripherals, microcontroller
programmers, test equipment, aidio
amplifiers, telephone projzcts, relay
circuits, and much more.

PLUS ... equipment troubleshooting
techniques ... circ it design ... reports on
new technology and products ... 2quipment
test reports ... in~cepth coverage on
computers, video, audio, vintage radio ...
and lots more exc ting features and articles.

*Basic sub rate — 1 yr,$24.99 2 y-s/$48.9¢

SAVE $41.89* ... OR EVEN $83.78* ... For
each gift of Electronics Now you give this
Christmas, you save a full $41.89* off the

entitled to start or extend your own
subscription at the same Sp=cial Holiday
Gift Rate—you save an additional $41.89*!

No need to send money ... if you prefer,
we'll hold the bill till January, 1999.

But you must rish the attached

Gift Certificate to us to allow time

to process your order and send a
handsome gift announcement card, signed
with your name, in time for Christmas.

So do it now ... take just a moment to fill in _
the names of a triend or two and mail the
Gift Certificate to us in its attached,
postage-paid reply envelope. That's all it
takes to plug ycur friends into a whole year,
of exciting projects and new ideas in
Electronics Now!
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Monitor Satety, GRTS,
and Adjustments

HIS MONTH WE WILL CONTINUE OUR DISCUSSION OF

COMPUTER AND VIDEO MONITORS. FIRST OFF, WE'LL

COVER THE EXTREMELY IMPORTANT SAFETY INFORMATION AND

WARNINGS. WHILE YOU HAVE PROBABLY SEEN A SET OF GUIDELINES

similar to these in our series on micro-
wave oven repair, it never hurts to
repeat them. Then, we'll move on to
CRT hasics, degaussing, and monitor
adjustments.

Safety

TVs and computer or video monitors
are among the more dangerous of con-
sumer electronics equipment when it
comes to servicing. In case you are won-
dering, microwave ovens are probably the
most hazardous due to high voltage at
flesh frying and cardiac arresting high
power. There are two areas that have par-
ticularly nasty electrical dangers: the non-
isolated line power supply and the CRT
high voltage.

Major parts of nearly all modern TVs
and many computer monitors are direct-
lv connected to the AC line—there is no
power transformer to provide a safety
barrier and/or to minimize the risk of
equipment damage. In the majority of
designs, the live parts of the TV or mon-
itor are limited to the AC input and line
filter, degauss circuit, bridge rectifier and
main filter capacitor(s), low voltage (B+)
regulator (if any), horizontal output tran-
sistor and primary side of the flyback
(LOPT) transformer, and parts of the
startup circuit and standby power supply.
The flyback generates most of the other
voltages used in the unit and provides an
isolation barrier so that the signal circuits
are not line connected and safer. Higher
- quality monitors use a separate switch-

mode power-supply, limiting non-isolat-
ed circuitry to the supply’s input (the
deflection/flyback runs off isolated DC).

The high voltage to the CRT, while
200 times greater than the line input, is
not nearly as dangerous for several rea-
sons. First, it is present in a very limited
area of the TV or monitor—from the
output of the flyback to the CRT anode
via the fat HV wire and suction cup
connector. If you don’t need to remove
the main board or replace the flyback or
CRT, then leave it alone and it should
not bite vou. Furthermore, while the
shock from the HV can be quite painful
due to the capacitince of the CRT
envelope, it is not nearly as likely to be
lethal since the current available from
the line-connected power supply is
much greater.

Safety Guidelines

These guidelines are to protect you
from potentially deadly electrical shock
hazards as well as to protect the equip-
ment from accidental damage. Note that
the danger to you is not only in your
body providing a conducting path, par-
ticularly through your heart, but that any
involuntary muscle contractions caused
by a shock, while perhaps harmless in
itself, might cause collateral damage—
there are many sharp edges inside this
type of equipment as well as other elec-
trically live parts you may contact acci-
dentally.

The purpose of this set of guidelines

BY SAM GOLDWASSER
SERVICE EDITOR

is not to frighten you but rather to
make vou aware of the appropriate pre-
cautions. Repair of TVs, monitors,
microwave ovens, and other consumer
and industrial equipment can be both
rewarding and economical. Just be sure
that it is also safe! With that in mind,
here we go:

e Don’t work alone—in the event of
an emergency another person’s presence
may be essential.

e Always keep one hand in your
pocket when anywhere around a pow-
ered line-connected or high voltage sys-
tem.

e Wear rubber bottom shoes or
sneakers.

e Don’t wear any jewelry or other
articles that could accidentally contact
circuitry and conduct current or get
caught in moving parts.

¢ Set up your work area away from
possible grounds that you might acciden-
tally contact.

¢ Know your equipment: TVs and
monitors may use parts of the metal chas-
sis as ground return vet the chassis may
be electrically live with respect to the
earth ground of the AC line. Microwave
ovens use the chassis as ground return for
the high voltage. In addition, do not
assume that the chassis is a suitable
ground for your test equipment!

e If circuit boards need to be
removed from their mountings, put insu-
lating material between the boards and
anything they may short to. Hold them
in place with string or electrical tape.
Prop them up with insulation sticks—
plastic or wood.

e If you need to probe, solder, or oth-
erwise touch circuits with power off, dis-
charge the large power-supply filter
capacitors. If you are removing the high
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voltage connection to the CRT (to
replace the flyback transformer, for
example) first discharge the CRT contact
(under the suction cup at the end of the
fat HV wire). See below for more details
on these procedures.

* For TVs and monitors in particu-
lar, there is the additional danger of CRT
implosion—take care not to hang the
CRT envelope with your tools. An
implosion will scatter shards of glass at
high velacity in every direction—there
are several tons of force attempting to
crush the typical CRT. While implosion
is not really likely even with modest
abuse, why take chances? However, the
CRT neck is relatively thin and fragile,
and breaking it would be very embarrass-
ing and costly. Always wear eye protec-
tion when working around the back side
of a CRT.

e Connect/disconnect any test leads
with the equipment unpowered and
unplugged. Use clip leads or solder tem-
porary wires to reach cramped locations
or difficult to reach locations.

* If you must probe live circuits, put
electrical rape over all but the last 1/,
inch of the test probes to avoid the pos-
sibility of an accidental short that could
cause damage to various components.
Clip the reference end of the meter or
scope to the appropriate ground return
so that you need to only probe with one
hand.

* Perform as many tests as possible
with power off and the equipment
unplugged. For example, the semicon-
ductors in the power supply section of a
TV or monitor can be tested for short
circuits with an ohmmeter.

¢ Use an isolation transformer if there
is any chance of contacting line connect-
ed circuits. A Variac is not an isolation
transformer! The use of a GFCI (Ground
Fault Circuit Interrupter) protected out-
let is a good idea, hut it will not protect
you from shock from many points in a
line-connected TV or monitor, or the
high-voltage side of a microwave oven,
for example. A fuse or circuit breaker is
too slow and insensitive to provide any
protection for you or, in many cases, your
equipment.

® Don’t attempt repair work when
you are tired. Not only will you be more
careless, but your primary diagnostic
tool—deductive reasoning—will not be
operating at full capacity.

¢ Finally, never assume anything
without checking it out for yourself!
Don't take shortcuts!

FIG. 1—COLOR CRTs USED IN VIDEO
monitors and TV sets have a shadow mask
or aperture grill iocated a fraction of an inch
behind the phosphor screen to direct the
electron beams for the red, green, and biue
video signals to the proper phosphor dots.

Dealing with Capacitors

It is essential—for your safety and to
prevent damage to the device under test
as well as your test equipment—that large
or high voltage capacitors be fully dis-
charged before measurements are made,
soldering is attempted, or the circuitry is
touched in any way. Some of the large fil-
ter capacitors commonly found in line-
operated equipment store a potentially
lethal charge.

This doesn’t mean that every one of
the 250 capacitors needs to be discharged
every time you power off and want to
make a measurement. However, the large,
main filter capacitors and other capacitors
in the power supplies should be checked
and discharged if any significant voltage is
found after powering off (or before any
testing—the CRT capacitance in a TV or
video monitor, for example, can retain a
dangerous or at least painful charge for
days or longer!)

Use a suitable power resistor rather
than a screwdriver to do the dirty work.
Why? There are three reasons: 1) It will
not destroy screwdrivers and capacitor
terminals; 2) it will not damage the capac-
itor (due to the current pulse): and 3) it
will reduce your spouse’s stress level in
not having to hear those scary snaps and
crackles.

As far as values, for the main capaci-
tors in a TV or monitor power supply,
which might be 400 uF at 200V, use a
5000-ohm, 10W resistor. For the CRT,
use a several megohm resistor rated at
30KV or more (or a string of lower value
resistors to obtain this voltage rating). A
1/ ;-watt unit will just arc over! Discharge
to the chassis ground connected to the
outside of the CRT—not signal ground
on the main board as you could damage
sensitive circuitry. The discharge time
needed is short—a millisecond or so.
However, repeat a few times to be sure,
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then use a shorting clip as these capaci-
tors have a way of recovering a painful
charge if left alone.

Finally, when discharging capacitors, it
is ohviously vital to make sure that you are
well insulated. And always double check
that the capacitor has indeed been dis-
charged before beginning your work.

Tools, Test Equipment,
Troubleshooting Tips

These topics were covered in depth in
numerous previous “Service Clinic” col-
umns. [f you do not have your hack issues
of Electronics Now, you can find the
information at my Web site (www.repair
faq.org). Look for the document titled
“Troubleshooting and Repair of Con-
sumer Electronics Equipment.”

Color CRTs

All color CRTS use a shadow mask or
aperture grill located a fraction of an inch
(/5-inch typical) behind the phosphor
screen to direct the electron heams for
the red, green, and blue video signals to
the proper phosphor dots (see Fig. 1).
Since the electron beams for the R, G,
and B phosphors originate from slightly
different positions (individual electron
guns for each) and thus arrive at slightly
different angles, only the proper phos-
phors are excited when the purity is prop-
erly adjusted and the necessary magnetic
field free region is maintained inside the
CRT.

The shadow mask consists of a thin
steel or InVar (a ferrous alloy) sheet with
a fine array of holes—one for each trio of
phosphor dots—positioned about 1/,-
inch behind the surface of the phosphor
screen. With some CRTS, the phosphors
are arranged in triangular formatons
called triads with each of the color dots at
the apex of the triangle. With many TVs
and some monitors, they are arranged as
vertical slots with the phosphors for the 3
colors next to one another.

An aperture grille, used exclusively in
Sony Trinitrons (and now their clones as
well), replaces the shadow mask with an
array of finely tensioned vertical wires.
Along with other characteristics of the
aperture grille approach, this permits a
somewhat higher possible brightness to
be achieved and is more immune to other
problems like line-induced moiré and
purity changes due to local heating caus-
ing distortion of the shadow mask.

However, disadvantages include a
heavy structure, higher price, a cylindri-
cal screen (though this may be considered
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an advantage depending on your prefer-
ence), and 1, 2, or 3 fine horizontal stabi-
lizing wires (depending on screen size)
which may be objectionable or unaccept-
able for certain applications.

Degaussing

Degaussing might be required if there
are color purity problems with the dis-
play. On rare occasions, there might be
geometric distortion caused by magnetic
fields, but no associated color problems.
The CRT can become magnetized if the
TV or monitor is moved or even just
rotated, there has been a lightning strike
nearby, a permanent magnet was brought
near the screen (e.g., kids magnet or
megawatt stereo speakers), or some piece
of electrical or electronic equipment with
unshielded magnedc fields is in the vicin-
ity of the TV or monitor.

Degaussing should be the first thing
attempted whenever color purity prob-
lems are detected. First try the internal
degauss circuits of the TV or monitor
(always present though they could be
faulty) by power cycling a few times (on
for a minute, off for 20 minutes, on for a
minute, etc.). If this does not help or
does not completely cure the problem,
then you can try manually degaussing.

Commercial CRT Degaussers are
available from parts distributors like
MCM